Strategies to effectively treat people with CKD have been identified by conventional clinical research. Despite this evidence, awareness, screening, detection, diagnosis, risk factor control, treatment, and outcomes remain substandard. Translating clinical evidence into actionable measures that reduce the burden of CKD is a pressing need. Expansion from a "bench-to-bedside" paradigm (conventional type 1 translation) to research that encompasses "clinic and community" is the core concept of type 2 translation. Specifically, this is the discipline of identifying factors and using strategies that lead to adoption, maintenance, and sustainability of science-based interventions in practice. This review identifies key elements of type 2 translational research and highlights the current scope of this type of research for CKD. For type 2 translation to achieve the goals of providing high-quality care and better health outcomes, key facilitators (e.g., theory-based frameworks, adaptable interventions, and inclusion of sustainability and evaluation metrics) and essential elements (e.g., multidisciplinary team care, health information technology, and stakeholder engagement) must be integrated. The National Institute of Diabetes and Digestive and Kidney Diseases recently funded five proposals that aim to improve outcomes for people with CKD, focusing on diverse components of the healthcare continuum: patient safety and transitions; delivery of highquality, evidence-based CKD care; and elimination of disparities. The need for type 2 translational research in CKD is urgent because of preventable human suffering and unsustainable costs of providing care. Focus on the theory, framework, and approaches we have suggested may help us meet that challenge.
Introduction
Clinical research has identified strategies that are effective and safe for treatment of people with CKD. Despite the available evidence, awareness, screening, detection, diagnosis, risk factor control, treatment, and outcomes for CKD remain substandard in the United States (1, 2) . Indeed, it has been argued that many research findings are of limited use to clinicians and largely are ineffective at influencing real-world practice or public health (3) . The often lengthy gap between generating clinical research and implementing findings into practice has been construed as "lost in translation" (4) . These issues are particularly germane to racial, ethnic, and lower-socioeconomic groups that are disproportionately encumbered by CKD. The need is pressing to translate scientific evidence into actionable measures that reduce this burden.
Creating linkage between interventions shown to improve outcomes in clinical trials (efficacy) and their actual implementation into clinical care (effectiveness) is essential. At a time when the United States health care system is fragmented with variability in access, quality, and outcomes, interventions that aim to close these gaps will play an important role in mitigating morbidity and mortality of patients with CKD and ESRD. The current climate of health care of reform in the United States provides a platform for advancing this field: The Affordable Care Act and Health Information Technology for Economic and Clinical Health Act are introducing the idea of the medical home and medical neighborhood; the PatientCentered Outcomes Research Institute is emphasizing the importance of translating medical breakthroughs into enhanced patient experiences and funding ground-breaking research in this area; and the American Board of Internal Medicine Foundation is helping providers become better stewards of finite health care resources with their "Choosing Wisely" campaign.
A series of phases of translational research grew from the National Institutes of Health Roadmap initiative, which emphasized moving scientific discoveries to practical applications ( Figure 1 ) (5, 6) . Expansion from a "bench-to-bedside" paradigm (conventional type 1 translation) to research that encompasses "clinic and community" is a core concept of type 2 translation. Specifically, this is the discipline of identifying factors and using strategies that lead to adoption, maintenance, and sustainability of sciencebased interventions in practice. Following type 2, types 3 and 4 translational research are extensions into organizational implementation (e.g., quality improvement) and to policies and programs concerned with large-scale public health impact (e.g., surveillance and cost-effectiveness), respectively. Feedback from these latter phases can identify high-impact areas for focus in earlier phases via type 0 investigations (e.g., population health indicators). This review focuses on fundamental elements of type 2 translational research and highlights its current scope in CKD. With the exception of type 1, other phases of translational research are largely undeveloped for CKD, but the field will ultimately be challenged to move in these directions to improve overall health of people with, or at high risk for, kidney disease.
Facilitators and Elements of Type 2 Translational Research
For type 2 translation to achieve the goals of providing high-quality care and better health outcomes for patients with CKD, key facilitators (e.g., theory-based frameworks, adaptable interventions, and inclusion of sustainability and evaluation metrics) and essential elements (e.g., multidisciplinary team care, health information technology, and stakeholder engagement) must be integrated as a whole.
Theory-based Interventions
Theories are sets of interrelated concepts and definitions that organize, predict, and explain phenomena, events, and behavior (7). They are inherently abstract and can be broadly applied to various clinical content or topic areas. Strong behavioral, social, and organizational theories applied in health care delivery, such as individual behavior change, social marketing, health communication, social/ behavioral economics, and diffusion of innovations, challenge researchers to articulate targets of interventions, identify relationships among variables, predict mechanisms and directionality of effect, and specify necessary resources for project implementation. In so doing, they provide insight into how and why individual components of complex projects are successful and are useful for the planning and execution of interventions. Additionally, behavioral, social, and organizational theories provide a universal language and context to researchers, health care providers, and policymakers, enabling them to compare and optimize programs that are otherwise heterogeneous to enhance the uptake of research findings into daily medical practice (8).
Evaluation and Sustainability Frameworks
As theoretical frameworks allow for better planning and execution of interventions, evaluation and sustainability frameworks facilitate translation. They focus on effectiveness, whether programs have achieved their objectives, and whether programs can be adapted and widely adopted in different settings. This knowledge is essential to understanding which programs can achieve and sustain a desired effect, over what time period, and at what cost, particularly in settings with limited resources. Many evaluation frameworks exist, each with different advantages, but almost all examine dimensions of reach (participation rate, representativeness of participants), adoption (representativeness of settings and staff essential to program implementation), and sustainability (cost, resources, and reproducibility) (9, 10 ). Evaluation at the individual level (e.g., patients, staff, and health care providers) and organizational level (e.g., hospital, clinic, integrated healthcare system) must be incorporated into type 2 translational research protocols. Tracking data necessary for analyses at this level are worth the upfront effort because they provide policymakers, health care leaders, and researchers the ability to select and tailor interventions before adopting a program that might interrupt clinical practice. 
Adaptability
Although set protocols have been the mainstay of rigorous research and ensure reproducibility and efficacy across different settings and patient populations, it is becoming increasingly evident that type 2 translational research programs need to be flexible to adapt to the community in which they aim to translate evidence into practice (11) (12) (13) . A prime example is the need to account for differing levels of health literacy, given the diversity of individuals affected by CKD and findings that low health literacy is associated with vital outcomes, such as increased mortality and decreased access to transplantation, among adults with ESRD (14, 15) . Implementing evidencebased "best practices" is facilitated by clear communication among patients, family members, and the health care team (16) . Use of common language and reducing medical jargon is essential to connect with a wide spectrum of health care consumers. Recognition of diversity, including levels of health literacy, and use of culturally appropriate language and materials are of considerable value (17) . To that end, projects make a meaningful impact among highrisk groups with CKD only if they adapt protocols, materials, and outreach efforts to varying levels of health literacy and cultural backgrounds.
Health Information Technology
Eliminating the quality gap between evidence and practice requires greater identification of CKD, enhanced provider adherence to guidelines, and heightened patient engagement in health. Type 2 translational research projects that target these areas can be most successful when they use novel health information technology. For example, electronic health records with automated estimated GFR reporting can help primary care providers identify patients with CKD and ensure timely referral to nephrologists, while point-of-care decision support may increase adherence to evidence-based guidelines for clinical practice (18, 19) . Electronic registries identify cohorts and allow for population-level management of patients, thereby enhancing the application of guidelines through patient outreach (20) . Registries also provide data for local, regional, and national surveillance of trends among patients with CKD. In regards to engagement, the ubiquitous nature of mobile phones allows for outreach to patients of varied backgrounds and socioeconomic status. Texting and phone-based self-management programs have been used to increase engagement and improve health outcomes among patients with other chronic diseases (21) .
Multidisciplinary Team Care
Type 2 translational research inherently requires a team. Ideally, professionals from various disciplines (e.g., medicine, nursing, pharmacy, nutrition/dietetics, and social work) and domains of expertise (e.g., primary care, diabetology, and nephrology) collaborate to identify factors that lead to adoption, maintenance, and sustainability of sciencebased interventions in practice (22, 23) . In addition to physicians, nurse practitioners and physician's assistants on the team enable achievement of patient-centered goals and provide oversight of chronic care (24) . Consideration may be given to others with expertise complementary to health care professionals. For example, in the Diabetes Prevention Program (DPP), community health workers facilitated strategies for individual behavior change (25) .
Stakeholder Engagement
Successful translation of research into improved population health requires not only a multidisciplinary team but also stakeholder engagement and involvement at many points along the research continuum. Diverse stakeholders may include members of the lay community, nonprofit organizations, patients, health care providers, health care delivery system managers, and public health officials not directly involved in the research team. As advisors, they provide enhanced understanding of barriers and facilitators of participation and the environmental and social contexts in which the research will take place. Their knowledge favorably influences the agenda, setting, validity, and feasibility of the research design from the informed consent process to data collection and outcome measures (26) . From a pragmatic perspective, participatory research is essential. From a dissemination perspective, stakeholder involvement ensures external validity and identifies how study results may be applied to different real-world settings.
Diabetes as an Example and Opportunity
Type 2 translational research has been largely nascent in the discipline of nephrology. Hence, examples from related fields are useful to illustrate its worth and necessity. As a successful model, the DPP evolved from a clinical trial into community-based intervention (27) . In the original clinical trial sponsored by the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), study participants were randomly assigned to lifestyle intervention, treatment with the drug metformin, or a "placebo" control group (28) . For the lifestyle intervention, a curriculum addressing diet, physical activity, and behavior change was taught to participants one-on-one by case managers. The main goal of the intervention was 5%-7% weight reduction achieved by a healthy diet low in fat and calories, along with 30 minutes of physical activity 5 days per week. The clinical trial ended 1 year earlier than planned because the results were so clear: Lifestyle intervention reduced the relative risk of developing type 2 diabetes by 58% over 4 years. The group receiving metformin also benefited, but the results were less impressive with a 31% relative risk reduction over the same period.
The DPP Outcomes Study (DPPOS) is a follow-up study designed to assess long-term effects of DPP treatments on development of type 2 diabetes and complications (29) . After 10 years, the lifestyle intervention sustained a reduction in the rate of new-onset type 2 diabetes by 34%, including a 49% reduction in those older than age 60 years, and delayed onset of diabetes by approximately 4 years. Again, beneficial but lesser effects of metformin treatment included an 18% reduction in the diagnosis of new-onset type 2 diabetes and a delay in diabetes onset by about 2 years. Of note, attainment of normoglycemia reduced the incidence of diabetes by 56% no matter how this reversion was achieved or however transiently (30) . With regard to complications, the DPPOS reported diabetic retinopathy in 8% of participants with prediabetes and 13% of those who developed diabetes (31) . Such additional insights from the long-term follow-up study suggest that people with prediabetes or newly diagnosed type 2 diabetes be screened for retinopathy.
To move this new knowledge into action for nearly 80 million adults in the United States with prediabetes, the DPP was used to model a public health initiative, the National Diabetes Prevention Program sponsored by the Centers for Disease Control and Prevention (32) . This initiative was authorized by the U.S. Congress in March 2010 to establish a network of DPP-type lifestyle intervention programs for people at high risk of developing type 2 diabetes. To widely implement the intervention in a costeffective manner, sites were selected on the basis of their multidisciplinary teams and capabilities to train lifestyle coaches and deliver services adapted to their community. Support is provided for research, evaluation, monitoring, and technical assistance, all based on existing theoretical and evaluation frameworks. Fidelity to the science is assured by standards consistent with the DPP as requirements for sites. Lifestyle coaches teach groups of participants about healthy eating habits and physical activity during weekly sessions. After the initial 16 sessions, groups continue to meet monthly for ongoing support. Data are collected to validate that the lifestyle intervention has been delivered as intended and to assess whether the DPP/DPPOS results actually translate into real-world settings. Inaugural partners include the YMCA programs (intervention sites) and United Health Group (a health insurance payer).
On the other hand, the Chronic Disease Self-Management Program (CDSMP) is an example of an intervention that, despite strong evidence of effectiveness, has not been widely translated to clinical practice. The CDSMP is a lay person-led workshop designed to improve confidence and engagement in self-management behaviors among people with chronic health conditions (33) (34) (35) . Lay leaders deliver the 6-week program to groups of participants in 2.5-hour weekly sessions in the community. Using tenets of social cognitive theory and self-efficacy, participants learn coping strategies, such as action planning and feedback, behavior modeling, problem-solving, positive self-talk, and decision-making (36) . They also learn to manage symptoms by various strategies: relaxation, healthy eating, exercise, rest, medication, and communicating with health care professionals.
Clinical research has shown the effectiveness of the CDSMP. Across studies, participants had improvements in pain, disability/functional impairments, fatigue, psychological well-being, self-rated health, distress, aerobic capacity, cognitive symptom management, self-efficacy, and ability to communicate with health care professionals after program completion (37) . Benefits of participating in the CDSMP may extend up to 2 years (34). However, with notable exceptions (e.g., the Kaiser Permanente health plan), it is not routinely incorporated into the United States health care system. This may be related to the fragmented method of funding health care. Even though the cost of CDSMP is very low, responsibility for payment remains problematic. In addition, although study results were published in high-quality journals, these data may not have been widely disseminated to primary care providers. In contrast to the United States, the United Kingdom and Denmark have fully integrated CDSMP into their health care systems and people attend community-based workshops free of charge.
Because diabetes is such a serious and common chronic condition, the DPP and CDSMP interventions present considerable opportunity for type 2 translation. Data from DPP/DPPOS have not yet been reported for diabetic kidney disease (DKD) but are eagerly anticipated. For example, preventing diabetes is generally believed to prevent kidney disease, but this presumption remains to be confirmed. DKD occurs in about 40% of people with type 2 diabetes overall, with even higher rates among disproportionately affected ethnic and racial minorities (38) . More than half of incident cases of ESRD are currently attributable to diabetes in the United States (1). However, this number underestimates its true burden in that kidney disease amplifies risk such that death is more likely than is progression to ESRD (39) . In other words, the ESRD population with diabetes can be viewed as a "survivor cohort." The United States Renal Data System has reported that incidence of ESRD attributed to diabetes has stabilized or improved since 2000 (1) . Although this observation has been widely hailed as a success of better care, not all people are similarly benefiting. For example, blacks and American Indians in the 30-to 39-year-old age groups have shown steadily increasing incidence rates of ESRD due to diabetes over the same time period (1). These high-risk groups represent important populations for evaluation of strategies to reduce risk, a prototype for type 2 translational research. Occurrence of type 2 diabetes is now rampant in nonwhite youth (ages 10-19 years) and exceeds the frequency of type 1 diabetes (40) . Notably, among Pima Indians, youth-onset type 2 diabetes is associated with higher rates of both ESRD and death by midlife compared with type 2 diabetes diagnosed in adults (41) . Moreover, prevalence of DKD has increased steadily in the United States since the 1980s, largely attributable to the progressive climb in the total number of people developing diabetes (42) . Although there are no published data about the CDSMP for kidney disease, it has been tested in a multitude of people with chronic conditions, including diabetes. Therefore, it is likely that many had CKD and that the skills learned in CDSMP are applicable.
In sum, kidney disease is a great tragedy of diabetes. Treatments are available but underused, a problem especially evident in racial and ethnic minorities that are disproportionately laden with DKD. If preventing diabetes proves to avert kidney disease, then programs such as the Centers for Disease Control and Prevention-sponsored National Diabetes Prevention Program and CDSMP are essential tools to reduce DKD's effect on risky comorbid conditions, ESRD, and death.
Initial Approaches to Type 2 Translational Research for CKD
Since its inception, the National Kidney Disease Education Program has documented the public health burden of CKD and the existing gap between science and delivery of care. Although some processes have been implemented to improve CKD care, their advances are lost or not achieved if programs are not sustained or adequately supported. For example, a point-of-care decision support tool in a primary care practice led to noticeable improvements in detection of CKD, anemia, and measures of bone and mineral metabolism disorders after a 1-year quality improvement project. However, the gains diminished 2 years after the program ceased, perhaps because it did not leverage health information technology (43) . At a United States Veterans Affairs primary care clinic, provider education and an electronic CKD registry increased performance of various process measures, but corresponding outcomes (e.g., BP control or use of renin-angiotensin system inhibitors) did not improve, perhaps because of lack of system redesign (e.g., protected time, ancillary support, and multidisciplinary team) (44) . Such examples of shortcomings reveal the necessity of sustainability and redesign of health care delivery systems to implement lasting changes in CKD care.
The NIDDK responded to these unmet needs by sponsoring a conference followed by a request for applications for type 2 translational research projects with the explicit goal of improving health outcomes for people with CKD (45). Five proposals that focus on diverse components of the health care continuum were funded; topics include patient safety and transitions; delivery of highquality, evidence-based early and late CKD care, including preparation for renal replacement therapy (RRT) care; and elimination of disparities ( Table 1) . Each of these projects uses key facilitators and essential elements of type 2 translational research.
Patient Safety and Transitions in Care
Transitions are risky experiences for patients, and, therefore, these are prime targets for type 2 translation research. For example, risks of adverse outcomes are extraordinarily high when people with CKD move from an inpatient hospitalization to the outpatient setting. The CKD population has more comorbid conditions, is hospitalized more often and for longer lengths of stay, and incurs greater health care costs than patients with other chronic diseases (46) (47) (48) . Moreover, patients with CKD are less likely to receive evidence-based therapies when hospitalized for serious illnesses, such as myocardial infarction, and commonly have complex drug regimens and adverse events that contribute to poor outcomes (49, 50) . Interventions to improve medication management in the transition from hospital-to-home reduce readmissions and declining health in the general population of hospitalized patients (51, 52) . Unknown is the effect enhanced transitional care can have on health outcomes, costs, and probability of readmission for a very high-risk group, such as the CKD population.
In one of the NIDDK-funded projects, Tuttle and Corbett and colleagues are studying the effectiveness of a transitional care strategy focused on improving medication information transfer. The rationale that underlies this strategy is that careful attention to medication management is foundational to caring for CKD and reducing complications. Therefore, for hospitalized patients with CKD who are transitioning to home, accurate and comprehensive medication information transfer is essential. The hypothesis is that medication discrepancies after hospital discharge are widespread and that their resolution, through improved transfer of medication information during transitional care, will reduce acute care utilization and costs. This strategy is also hypothesized to improve management of CKD and related risk factors, leading to fewer complications that result in repeated episodes of hospitalization.
Patients with CKD are recruited while hospitalized for reasons other than psychiatric or maternity admissions. Study participants are then randomly assigned to control or intervention groups. Participants assigned to the intervention group receive a home visit by a pharmacist within 5 days of discharge. The "5 As" self-management model (Assessment, Advice, Agreement, Assistance, and Arrangements) is used to implement the intervention to promote accurate and comprehensive transfer of medication information (53, 54) . System and self-management barriers are overcome by identifying and resolving hospital-tohome medication discrepancies and providing patients with skills for ongoing medication information transfer (e.g., updating medication lists, sharing with providers). On the basis of previous pilot studies, this pharmacistled medication intervention is expected to substantially reduce acute care utilization and improve evidence-based management for people with CKD (51,52).
Delivery of High-quality Evidence-based CKD Care
Poor CKD awareness and inadequate coordination among patients and health care providers prevent widespread implementation of evidence-based treatments and self-management regimens that are effective in slowing progression of CKD to ESRD. As such, Nally and colleagues have targeted their research project to the health care system to improve delivery of high-quality chronic CKD care. Specifically, they have developed a novel multidisciplinary CKD Patient Navigator program, based on successful navigator programs in the oncology field, to promote adherence to CKD care regimens (55) . By engaging patients and guiding them through complex health care delivery systems, navigators use motivational interviewing and other behavior change frameworks to help patients overcome personal barriers to receiving evidence-based CKD care and reduce delays in accessing the continuum of CKD services, from initial CKD diagnosis to preparation for RRT.
Advance preparation for initiating RRT in patients with progressive CKD is an ideal example of evidence-based CKD care associated with improved mortality and morbidity (56) . However, previous studies have demonstrated poor RRT preparation, including inadequate management of CKD-related comorbid conditions (e.g., hypertension and anemia), use of temporary catheter vascular access, and urgent dialysis initiation (57, 58) . Evidence suggests that early, shared, and informed decision-making among patients, families, and health care providers about preparation for RRT initiation may improve patient outcomes, including management of BP and anemia, use of permanent vascular access at RRT initiation, and selection of RRT modalities consistent with patients' values (59) (60) (61) (62) .
Boulware and colleagues will examine the effect of a series of system, provider, and patient interventions to improve early shared decision-making about RRT among diverse patients with CKD. By increasing communication The intent is that interventions will have a high likelihood of being widely adopted and sustained in diverse health care settings and by individuals and communities at highest risk. PI, principal investigator; RRT, renal replacement therapy; RE-AIM, Reach Effectiveness Adoption Implementation Maintenance.
between primary care and nephrology practitioners, enhancing provider skills in engaging in shared decisionmaking conversations with patients, and providing patient decision support through language-concordant, literacyappropriate audiovisual and written materials, this project aims to minimize the translational gap between evidence and practice as it pertains to RRT preparation.
Health Care Disparities
Disparities in CKD care have been documented for decades, but progress toward reducing them has been slow (63) . The gap between research and practice is particularly wide in public health care settings, which disproportionately care for those most vulnerable, such as the uninsured and underinsured, racial and ethnic minorities, and people with limited health literacy (64, 65) . Low levels of CKD awareness among primary care providers, a prerequisite for delivery of optimal CKD care, and low patient understanding of disease and self-efficacy, both necessary for optimal adherence to medical regimens, are key barriers to better health outcomes (66, 67) . Moreover, because low CKD awareness in patients is associated with lesser health literacy and poverty, addressing this barrier may play a key role in reducing disparities in health outcomes among patients with CKD (68, 69) .
The Kidney Awareness Registry and Education (KARE) study will use an adapted social cognitive theory framework to promote individual behavior change and minimize disparities in CKD care. KARE consists of two separate interventions directed toward primary care providers and patients with CKD in the Community Health Network, the integrated delivery system serving uninsured and publically insured residents in San Francisco, California. Using the Chronic Care Model as a framework for the delivery of high-quality ambulatory care, Powe and colleagues will study the effect on provision of CKD care with an electronic registry to identify patients with CKD, highlight evidencebased guidelines, provide point-of-care decision support, and deliver actionable feedback in a timely manner to multidisciplinary health care teams. The registry includes data on race and ethnicity, language, and gender, to increase transparency of disparities (70, 71) . Additionally, KARE examines the effect of a telephone self-management program, culturally and linguistically tailored to ethnically diverse patients, on BP control and CKD awareness in primary care settings.
Poor coordination among providers in fragmented public health systems contributes to health care disparities. Vazquez and colleagues, in another NIDDK-sponsored project titled "Improving CKD Detection and Care in a High-Risk Underserved Population," aim to reduce disparities through a model of joint primary and nephrology care. This novel system relies on a robust, fully operational health information technology-enabled program, the Parkland Intelligent e-Coordination and Evaluation System. This program harnesses the electronic medical record to implement, coordinate, and monitor delivery of evidencebased practice. As such, this technology allows collaboration among providers to slow CKD progression, minimize complications, and ensure optimal RRT preparation among people with CKD in the high-risk, underserved population of Dallas County, Texas.
Conclusions
Translation of scientific evidence into actionable measures that reduce the burden of chronic diseases is a top priority in health care. Type 2 translational research is a key strategy for identifying pathways to improve care. The need is particularly urgent in CKD because of the preventable human suffering and unsustainable costs of providing care. Several opportunities have been identified as vital areas for type 2 translational research in CKD, including patient safety and transitions in care, delivery of evidencebased care, and elimination of disparities. Discovering better ways to ensure that patients receive the CKD care they need is a formidable challenge. A focus on type 2 translation that uses the theory, framework, and approaches we have suggested may help us rise to that challenge.
